During 2005 Critical Care published several original papers dealing with resource management. Emphasis was placed on sepsis, especially the coagulation cascade, prognosis and resuscitation. The papers highlighted important aspects of the pathophysiology of coagulation and inflammation in sepsis, as well as dealing with the proper use of newly developed compounds. Several aspects of prognosis in critically ill patients were investigated, focusing on biological markers and clinical indexes. Resuscitation received great attention, dealing with the effects of fluid infusion in hemodynamics and the lung. The information obtained can be used to address unknown effects of established therapies, to enlighten current clinical discussion on controversial topics, and to introduce novel medical resources and strategies. Future clinical work will rely heavily on these preclinical and laboratory data.
Introduction
During 2005 Critical Care published several original papers dealing with resource management. These papers focused mainly on sepsis and inflammation, with particular interest in the pathogenesis of the syndrome (especially the coagulation cascade and inflammatory aspects), analysis of prognostic indexes and markers, resuscitation and resource use in critical care.
Coagulation in sepsis
The importance of coagulation in sepsis has been the focus of attention by investigators for a few years [1] . Only recently has a compound, activated protein C (aPC), been shown effective and been approved for clinical use [2] . Because other natural anticoagulants have not been shown to be effective [3, 4] , however, the question remains whether the anticoagulant characteristics of aPC are indeed responsible for the survival benefit, or whether certain anti-inflammatory or fibrinolytic properties may also come into play. This issue was investigated in a small case-control study that could demonstrate a decrease in thrombin generation, as reflected by decreased levels of thrombin-antithrombin and prothrombin fragments 1 and 2 after aPC administration [5] . The inflammatory mediators and parameters of fibrinolysis did not change, however, which suggests that the main action of aPC may be anticoagulation, not fibrinolysis or inhibition of inflammation. One must therefore argue not only about the importance of coagulation in sepsis, but also how it is inhibited, because the targets on the coagulation cascade of natural anticoagulants are different: tissue factor pathway inhibitor seems to be an 'all or none' mediator, specifically involved in initiating the coagulation cascade [6] . It would therefore probably be useful if it could be administered before coagulation was initiated.
Antithrombin III, on the other hand, works on later events in the cascade [7] and also benefits from specific interactions with endothelial glycosaminoglycans that may already be dysfunctional in sepsis [8] . Another report, however, showed that D-dimer levels in sepsis-acquired antithrombin III deficiency could be lowered by antithrombin III administration [9] . Interestingly, the effect was most pronounced in patients with very high D-dimer levels who where not using heparin, which could open space for new clinical trials in a specific septic population.
Finally, analysis from the original PROWESS data showed absolutely no difference in aPC benefit regardless of whether patients were treated with steroids [10] . This raises a point against the anti-inflammatory actions of aPC as its most important clinical effect, since low-dose steroids have also been shown to have anti-inflammatory effects [11, 12] , although their effects might be related to the correction of adrenal insufficiency [13] or to adrenoceptor modulation [14] .
The safety of anticoagulants may be questioned in some clinical situations. The syndromes of purpura fulminas, meningococcal disease and meningitis, for example, are accompanied by severe coagulopathy and the risk for intracranial hemorrhage. Vincent an increase in serious bleeding events for the overall population, but did notice an increased risk for developing intracranial hemorrhage in adult, but not pediatric, patients with meningitis when compared with all patients with sepsis treated with aPC. Unfortunately, this study primarily contained data on patients treated with this drug, so a direct comparison of risks (hemorrhage) and benefits (reduced mortality) cannot be inferred from these data.
Prognosis in sepsis
With the scarce intensive care unit (ICU) resources of the present day and the increasing costs of critical care, rationing beds and therapy has become an important issue in several countries. Adequate tools to predict clinical outcome are therefore mostly wanted. These tools would need to fulfill several criteria, such as precision, low cost and fast results. Furthermore, different scenarios could benefit from specific kinds of predictors. Triage in the emergency room for patients with community-acquired pneumonia, for example, would need a tool that could reliably distinguish three groups of patients: those patients that can be discharged home, those patients that need to be hospitalized, and those patients that need ICU care. This would need to be a one-point data collection, however, without sequential measurements. On the other hand, for septic patients already in the ICU, trends in specific markers may lead us to shorten or to prolong the duration of specific therapies (antibiotics, aPC), or to even withhold treatment for those that are unlikely to survive.
Unfortunately we are still far from adequate predictors. Outcome prediction models have been a focus for intensivists for over 30 years [16] . Various mathematical models have been used but the search for the 'best' model continues, although the exact use of empiric prognostic tools in the ICU has not been clarified. Current techniques, such as neural networks and classification trees, involve more sophisticated mathematical modeling as well as the addition of novel biomarkers to standard physiologic measures. Jaimes and colleagues compared neural networks and logistic models to predict mortality in patients with suspected sepsis in the Emergency Department [17] . Although there are some methodological issues in their model development, the use of neural networks seemed a better option. As with any new technology, however, caution must be taken when initially using these tools, and advice from experts should be sought.
Patients with postoperative hospital-acquired pneumonia who subsequently developed septic shock could be reasonably well separated from those patients who did not develop septic shock by elevated levels of immune modulating mediators (tumor necrosis factor alpha, IL-1β, IL-6, and E-selectin) [18] . Other clinical and laboratory markers were not helpful; specifically, C-reactive protein was not a good predictor of evolution to septic shock. Cytokine measurement at the bedside is unfortunately still expensive and is not fast enough to be clinically useful.
Christ-Crain and colleagues described a new marker in septic patients [19] . They measured mid-regional proadrenomedullin in 101 patients with inflammatory signs, and demonstrated increasing levels of proadrenomedullin with the progression from systemic inflammatory response syndrome to septic shock, and also greater levels in nonsurvivors. An important clinical question was not addressed, however: which severe sepsis/septic shock patient will survive or benefit from a specific therapy? A sequential evaluation of adhesion molecules in septic shock patients tried to focus on this issue [20] , showing two clearly opposite patterns in the levels of markers that signal endothelial damage (soluble endothelial-linked adhesion molecule 1, soluble intercellular adhesion molecule 1). Survivors decreased their levels after 48 hours, while nonsurvivor levels continued to rise. This stresses two important points. First, serial changes in markers may be more useful than solitary baseline measures. Second, and the data are not yet nearly robust enough to allow this, sequential measures that predict a universally poor prognosis could be used to limit aggressive life-sustaining treatment. These decisions may be facilitated by biomarkers documenting a failure of a trial of intensive care.
The low availability of ICU beds and the increasing costs of critical care leave ICU managers with the tough decision of rationing. Specific diseases, especially those considered nontreatable, such as some forms of cancer and the acquired-immunodeficiency syndrome, are subjected to many forms of passive and silent rationing. Mrus and colleagues published interesting data showing that this may not be necessary in AIDS patients with severe sepsis and septic shock [21] . They not only confirmed that these patients are indeed less likely to be admitted to the ICU; they observed a similar length of stay and lower overall costs, but still a higher mortality. This may be in part due to previous expression of the patient's wish to withhold aggressive medical treatment (including ICU admission), possibly influenced by physician knowledge and laymen knowledge of the natural history of the disease, which is constantly changing. This is a decision that may therefore have to be re-evaluated due to current medical treatment and improved outcomes.
Resuscitation
Fluid resuscitation is still one of the more debatable topics in critical care. Even experienced physicians will not necessarily agree on resuscitation strategies. In the most extreme example, one might see some physicians administer fluids while other physicians facing the same clinical situation diurese. Despite clinical trial evidence informing practice, some clinicians find reasons to use colloids [22] .
This uncertainty is understandable because we have very few large clinical studies on the fundamental topic of fluid resuscitation in critical care. Clinicians are left to guide their care based on their personal training and interpretation of physiologic principles. We must balance the alleged benefits of fluids (improved perfusion) with the potential harm (tissue edema).
The possible harm of increased lung edema was investigated by Martin and colleagues [23] . They observed that nonsurvivors of sepsis indeed had more extravascular lung water than survivors, and that extravascular lung water was associated with a worse oxygenation index. They could not, however, demonstrate any relationship between extravascular lung water and fluid balance. We are therefore forced to think that the individual inflammatory response is probably much more important than fluid balance in septic patients.
Experimental data from Dubin and colleagues in Argentina bring us interesting data regarding increasing oxygen delivery through fluid resuscitation in a septic model [24] . They clearly demonstrated that saline resuscitation, aimed at increasing the intestinal blood flow, led to lower mucosal ischemia as assessed by tonometry. This lower ischemia was accompanied by hyperchloremic acidosis, however, which may [25] or may not [26] be harmful.
The question therefore arises of which fluid to use? Analysis of the Sepsis Occurrence in Acutely ill Patients (SOAP) study brings more insight into this discussion, with special interest in albumin use [27] . Although a prospective study could not demonstrate any harm in critically ill patients from albumin resuscitation [28] , Vincent and colleagues observed a 57% increase in mortality in patients receiving albumin matched with controls through a propensity score. Although this is an observational study, we are mostly inclined to avoid albumin use due to both lack of clinical benefit (and possibly harm) and also increased costs. Furthermore, we should ask ourselves what the clinical rationale is for colloid use in inflammatory conditions? van Eijk and colleagues studied albumin extravasation in a sepsis model [29] . Although an increase in albumin extravasation could not be demonstrated in their endotoxemia model due to several methodological aspects, other papers have already described an increase of up to 300% in the loss of albumin to tissue spaces during septic shock [30] , which is not corrected by albumin supplementation [31] . The question remains of whether albumin extravasation not only impairs its ability to maintain intravascular volume, but also whether the increase in interstitial osmotic pressure could be harmful due to cellular dehydration [32] .
Another important issue is the question of goal-directed therapy. Pearse and colleagues demonstrated that central venous saturation and its trends can help discriminate patients who will develop complications after major surgery [33] . This study emphasizes the value of a simple and inexpensive monitoring tool and provides supportive data on the benefits of early resuscitation.
Two interesting studies on renal replacement therapy use surrogate endpoints of acidosis and hemodynamics; they therefore cannot guide therapy, but they can provide invaluable information about the pathophysiology and may inform future clinical trials. Both Page and colleagues [34] and Ratanarat and colleagues [35] studied the effects of renal replacement therapy in sepsis. Early hemodiafiltration, instituted if acidosis and oliguria persisted for 6-12 hours after resuscitation, was associated with better acidosis control, which was a marker of lower mortality [34] . Highvolume hemofiltration (85 ml/kg) led to better aerodynamics and to a lower than expected mortality ratio [35] .
Improving the physiology does not always improve outcome. This is demonstrated by an observational study of abdominal decompression in patients with pancreatitis and elevated intra-abdominal pressure. There is a good rationale to operate on these patients, but De Waele and colleagues observed poor postoperative outcomes [36] and concluded that surgery would not be indicated to treat abdominal hypertension alone.
Finally, the importance of established and evidence-based protocols cannot be overemphasized. Noncompliance with modified 6-hour and 24-hour sepsis bundles was associated with a twofold increase in mortality [37] . The compliance rate was low, however, with only 52% compliance in the 6-hour sepsis bundle and 30% in the 24-hour bundle. Interestingly, the author's suggest the use of a process measure (compliance with the protocol) rather than the outcome for quality control in the ICU, which, although resource intensive, may bring earlier alarm signs and also an instrument for physician behavior modification.
Miscellaneous
Several important aspects of epidemiology, evaluation and treatment of the critically ill patient were observed in other Critical Care papers. Macias and colleagues asked whether the response to therapeutic interventions could be influenced by different levels of disease severity, including the suggestion that biological manipulation may be beneficial in the most severe patients and harmful in the less severe patients. They undertook a systematic review of published phase III sepsis trials and could not demonstrate this issue [38] .
There has recently been a large interest in in vivo inspection of the microcirculation, which has been shown to be both deranged and associated with disease severity in sepsis [39] . However, the analysis of images derived from orthogonal polarized spectroscopy is still cumbersome and not customized. The comparison between studies is therefore challenging. Boerma and colleagues developed a semiquantitative method to evaluate the microcirculation and observed up to 90% agreement between observers [40] . Newer technology, in the form of sidestream dark-field, is already being introduced, however, which may allow more objective evaluations.
Acidosis is a marker of disease severity in critical illness. Its understanding has recently been gaining more and more attention, based on Stewart's physicochemical approach [41] . The calculation of Stewart's parameters is cumbersome, however, and involves the collection of several nonroutine laboratory data. Simplification of the formulae to include only the effects of albumin and chloride was validated [42] and was shown to correlate well, explaining more than 80% of the unmeasured anions calculated with the complete approach.
Broessner and colleagues described a case of heat stroke managed with a novel intravascular cooling device [43] . We now know it is important to therapeutically cool patients after cardiac arrest and to therapeutically warm bleeding trauma patients [44, 45] . However, in the most common scenario intensivists face, fever associated with systemic inflammatory response, we still do not know the optimal management [46] . A large body of animal data suggests that keeping a higher temperature may be beneficial, including the generation of heat-shock proteins [47] , but many physicians usually treat fever -the main culprit is the increased oxygen consumption. As with many aspects of intensive care, the optimal physiologic target will depend on many factors.
In a similar direction (control of inflammation), anti-L-selectin antibodies were tested in a postseptic baboon model [48] . The authors carefully discuss the possible benefits of modulating the interaction of neutrophils with endothelial cells against the possibility of increased susceptibility to infections. L-Selectin was blocked before the onset of sepsis, and a lower bacterial load was observed in the treatment group. This intriguing finding must be demonstrated in other settings, but this could be a future approach to settings where inflammation is a key factor and infection comes into play later, such as trauma and extracorporeal circulation.
Conclusion
Last year's Critical Care papers brought to our attention various aspects of the pathophysiology, the diagnosis, the prognostication and the treatment of the critically ill patient. The information obtained can be used to address unknown effects of established therapies, to enlighten current clinical discussion on controversial topics, and to introduce novel medical resources and strategies. Future clinical work will rely heavily on these preclinical and laboratory data. 
